Objective: To determine physical activity levels (PAL) in children aged between 10 and 13 y. Design: Cross-sectional study of physical activity levels on school days, with and without physical education (PE) lessons and at weekend. Data were collected using self-reported activity diaries. Setting: The children were recruited from a middle school in Oxford. Basal metabolic rate (BMR) and anthropometry were measured in the school. Subjects: Thirty-eight children (12 boys and 26 girls), aged 10 ± 13 y, returned completed activity diaries. PAL values were calculated by applying physical activity ratios (PAR) to the time spent on each activity. BMR and anthropometry were measured within 20 d of activity diary completion. Results: The mean AE s.d. (range) PAL values for all children were 1.52 AE 0.08 (1.34 ± 1.71), 1.50 AE 0.05 (1.44 ± 1.57) for boys and 1.53 AE 0.10 (1.34 ± 1.71) for girls. The lowest PAL value (1.48 AE 0.13, mean AE s.d.) was observed in girls on school days without PE lessons. The lowest PAL value in boys (1.46 AE 0.13, mean AE s.d.) was observed at the weekend. PE lessons made a signi®cant difference to the PAL values for boys (1.58 AE 0.09) and girls (1.60 AE 0.12). A wide range of PAL values (1.20 ± 1.87) was recorded in these children. The total energy expenditure for the boys was slightly lower than the estimated average requirements (EAR) predicted by the Department of Health (8.71 AE 0.96 MJ compared with 8.86 MJad) for this age group. The girls had a higher average energy expenditure than the predicted EAR (8.47 AE 1.00 MJad compared with 7.885).
Introduction
The World Health Organization (1998) has described obesity as a global epidemic. The increasing prevalence of obesity in children and adolescents has received increasing attention. A report by Power et al (1997) , based on the 1958 UK birth cohort, found that 17 ± 18% of obese adults, aged 33 y, were obese as children and that the more obese the child the greater the likelihood that they will become obese adults. This appears to be particularly true for obese adolescents. The prevalence of childhood obesity is high in all developed countries (World Health Organization, 1998) .
The treatment of obesity in adulthood is dif®cult and is accompanies by a low success rate. An intervention programme that is aimed at the prevention of obesity and the identi®cation of children at risk of developing obesity early in life may be a useful and alternative strategy.
Whilst numerous factors have been proposed as favouring weight gain in children, the two most important factors appear to be an increased consumption of energy dense food and the reduction in physical activity (or both) (Prentice & Jebb, 1995) . Dietary surveys in the UK suggest that the increased prevalence of obesity has occurred despite a decrease in overall fat consumption (Ministry of Agriculture, Fisheries & Food, 1994) . It is therefore likely that energy expenditure has decreased during this period. An evaluation of the factors in¯uencing weight gain is not only of academic interest but also has signi®cant policy implications.
This study was designed to examine activity levels and basal metabolic rate (BMR) in a group of school-aged children and the contribution these make to total daily energy expenditure.
Subjects and Method
Subjects Eighty-one Oxford school children aged 10 ± 13 y, initially volunteered to take part in the study. The children were recruited by distributing a questionnaire via the teachers at a middle school in Oxford. Once the children agreed to participate in the study, the carers and children were invited to an open meeting to meet the researchers. A full and detailed explanation of the study objectives and protocol was presented at this time. After the meeting thirty-eight children (47%) entered the study and completed the activity diaries. These diaries formed the basis of our analysis. Basal metabolic rate and anthropometry was measured in all subjects. The characteristics of the 38 children (12 boys and 26 girls) are shown in Table 1 .
The Oxford Health Authority ethics committee approved the protocol and informed consent was obtained from the carers of each child.
Assessment of pubertal stage
Pubertal stage was assessed by two doctors working in Child Health using Tanners puberty ratings (Tanner, 1978) . A male doctor assessed the appearance of pubic hair and gonad development in the boys. A female doctor assessed the girls breast development. In addition, the girls were asked if menarche had occurred. The classi®cations of pubertal stage are shown in Table 1 .
Activity diaries Activity diaries, as described by Bouchard et al (1983) , were completed by the children on 3 days of the week. These were a school day without a physical education (PE) lesson, a school day with a PE lesson and a day at the weekend. The inclusion of a day at the weekend was recommended by Bouchard et al (1983) and Huang & Malina (1996) . Each individual child was given verbal and written instructions with an example of a completed diary. During the school day the time slots were designed to follow the school timetable. One section was available for each lesson (40 min), break time (20 min) and the lunch period (50 min). This simpli®ed design was used to improve subject compliance. Outside school hours and at the weekend the time was divided into 15-min sections. The children recorded their activity during each time slot.
Activity coding
The recorded activities were translated into physical activity ratios (PAR) using child speci®c PARs (Torun, 1990) and as multiples of adult PARs (James & Scho®eld, 1990) . Torun (1990) has suggested a multiple of 0.65 for children aged 6 ± 12.9 y and 0.8 for children 13 ± 15 y. The daily physical activity level (PAL) was calculated from the PAR values and the recorded activities as described by Torun et al (1996) .
Measurement of basal metabolic rate
Basal metabolic rate (BMR) was measured by indirect calorimetry using a ventilated hood system (Datex Deltatrac, Datex Instrumentation Corp. Helsinki, Finland). All measurements were made in the post-absorptive state, in a thermoneutral environment (26 ± 28 C) and with no external stimulation while the subjects were awake and supine. The calorimeter was calibrates with a reference gas mixture (95% oxygen and 5% carbon dioxide (s.d. 0.003%)) prior to each session. Approximately 30 min of respiratory gas exchange data were collected. The ®rst 5 ± 10 min of data were discarded, as recommended by Isbell et al (1991) . This allowed the subject time to acclimatize to the canopy and instrument noise. The average of the last 20 min of measurements was used to determine 24 h BMR. Using the method described by Rieper et al (1993) the within subject coef®cient of variation was 2.0%. BMR was measured within 10 ± 20 d of completion of the activity diaries.
Calculation of total energy expenditure Using the factorial method (FAOaWHOaUNU, 1985) 24 h total energy expenditure (TEE) was calculated by multiplying the measured BMR by the PAL and adding the estimated energy requirement for growth at each age (Department of Health, 1996) .
Anthropometry
Height was measuring using a portable, free-standing stadiometer (CMS Weighing equipment, London NW1 0JH). The children were measured without shoes according to the procedure detailed by Gordon et al (1988) . Weight was measured using an electronic balance accurate to 100 g (Soehnle model 7300, CMS Weighing Equipment, London, NW1 0JH). The children were weighed in indoor clothing. All measurements were made in the fasting state. Skinfold measurements were made at ®ve sites (biceps, triceps, subscapular, suprailiac, and medial calf). Skinfold measurements were used to derive percent body fat (Parizkova & Roth, 1972) , and fat free mass (FFM).
Statistical analysis
The results were compared within and between groups using paired and unpaired Student's t-tests, as appropriate. Table 2 shows the calculated PAL values (mean AE s.d. and range) in boys and girls. There were no signi®cant differences in the PAL values between the boys and girls on any of the 3 days surveyed. For the boys the lowest mean PAL value (1.46) was observed during the weekend, and for the girls the school day without a PE lesson had the lowest mean PAL value (1.48). The level of activity at weekends was higher for the girls than the non-PE lesson school day (1.52 and 1.48). Compulsory activity at school made a signi®cant difference (P`0.05 for boys and for girls) to the PAL compared with the school day without PE lesson.
Results

PAL values
The distribution of PAL values for all the children is shown in Figure 1 . Whilst a small proportion of children were extremely inactive (PAL values of 1.2 ± 1.3) or extremely active (PAL values greater than 1.8) most fell in the PAL range of 1.3 ± 1.8.
BMR and TEE
BMRs are shown in Table 3 . The total daily energy expenditure, based on the factorial method is shown in Table 3 . For boys and girls the lowest daily energy expenditures occurred on school days without a PE lesson. TEE was signi®cantly lower (P`0.05) at weekends, compared to the school day with PE lessons for boys but not for girls. The highest TEE occurred on school days with PE lessons for boys and girls, with TEEs of 9.17 AE 1.23 and 8.83 AE 1.13 MJad for boys and girls Physical activity levels in Oxford school children CJK Henry et al respectively; this was signi®cantly greater (P`0.001) than school days without PE lessons. The average TEE for the boys was 0.15 MJad lower than the estimated average requirement (EAR) (Department of Health, 1996) , but for the girls the average TEE was 0.585 MJad higher than the EAR.
Discussion
Current methods to assess physical activity in children include the use of heart rate monitors, accelerometers, activity diaries and doubly labelled water (DLW). Whilst DLW is considered the`Gold standard' its extensive use is limited by cost and sample selection bias. Recently Johnson et al (1998) reported that the Caltrac accelerometer was a poor predictor of physical activity related energy expenditure in children. This raises the question of which is the most appropriate method to assess physical activity energy expenditure in free-living preadolescent children. Activity diaries have been widely used and have recently been validated using doubly labelled water (Bratteby et al, 1997) . Whilst the accuracy of this method largely depends on the co-operation of the subjects, Bouchard et al (1983) have shown that the method is both reliable and reproducible. In its simplest form the activity diary is a logbook where the subject completes the diary every 15 min covering 1440 min per day. This method, with slight modi®ca-tions, was used in this study. Although the exact methodology used in this study has not been validated using DLW, the authors are con®dent that the minor alterations to the protocol are unlikely to reduce the methods reliability.
The average PAL values in the present study were 1.50 for boys and 1.53 for girls compared with the Department of Health (1996) levels of 1.56 and 1.48. Whilst the boys were less active than the level described by the Department of Health those of the girls were slightly higher. The girls in this study were more active than the boys and had an average PAL value closer to that described by the Department of Health. However, the PAL values displayed a wide range in both boys and girls. For example one girl had a weekend PAL of 1.20, a level of energy expenditure merely 20% greater than BMR. Only on school days with PE lessons did the PAL for boys exceed the values recommended by the Department of Health. The girls' activities at weekends and on school days with PE lessons are greater than those quoted by the Department of Health. The results presented here are in concordance with a study by Armstrong et al (1990) in 11 ± 16 year old British children. They concluded that (based on heart rate monitoring) the children studied had`surprisingly low levels of physical activity'.
Based on the classi®cation of Torun et al (1996) most of the children in our study may be classi®ed as performing (Dietz & Gortmaker, 1985) . Many researchers including Sleap & Warburton (1996) and Armstrong et al (1990) have highlighted concern about the amount of physical activity undertaken by children in the United Kingdom. This study appears to con®rm the low levels of physical activity in children especially in boys. The data presented here highlight the importance of physical education in increasing activity levels in this group of children. There is increasing evidence to support the view of tracking of physical activity patterns (Raitakari et al, 1994 , Kuh & Cooper, 1992 and risk of cardiovascular disease (Dietz, 1998) from childhood through adolescence into adulthood (Raitakari et al, 1994) . It may therefore be bene®cial if moderate levels of physical activity are nurtured during childhood.
Conclusions
The present study highlights the wide variation in physical activity levels shown in this sample of school children aged 10 ± 13 y and the signi®cant contribution PE lessons make to habitual levels of activity. A small proportion of the children studied has particularly low PAL values. Physical activity levels are signi®cantly different at the weekend compared to school days. However, these results must be viewed with caution in light of the small sample size and the possible selection bias of the sample.
